The study supports the treatment of thyroid-related orbital apex compression with and without compressive optic neuropathy by a combined transconjunctival and endoscopic approach. This approach offers short hospital stays, excellent visual recovery, and minimal complications in patients with thyroid-related orbital apex compressive myopathy and related compressive optic neuropathy. The beneficial effects observed in the patients with visual loss continued to improve over time and were significant (P <.001).
INTRODUCTION
Orbital manifestations develop in nearly half of all patients with Graves disease. 1 Yet, to date, the pathophysiology of thyroid-related orbitopathy has not been clearly elucidated, although autoimmunity against eye muscle and orbital fat antigens has been proposed. [2] [3] [4] Patients with TRO can have ocular findings ranging from mild exposure to acute vision loss, with up to 9% of patients developing compressive optic neuropathy (CON). 5 Because CON results from orbital apex compressive myopathy and is not related to exophthalmos, such patients may be unrecognized and their treatment delayed (Fig. 1) . Interstitial edema, lymphocyte and mast cell infiltration, and mucopolysaccharide accumulation, especially in the extraocular muscles and retrobulbar fat, can result in compression of the optic nerve. When this occurs at the orbital apex, where there is limited cross-sectional area, patients may present with optic nerve dysfunction but with minimal proptosis. Clinically, in these patients with thyroid-related orbitopathy, exposure keratopathy can lead to corneal ulceration and chemosis. Restrictive ocular myopathy causing diplopia results from inferior and medial rectus muscle enlargement leading to restriction of globe movement. In the most severe cases, CON results from encroachment by the extraocular muscle mass on the optic nerve in the orbital apex. This manifests as dyschromatopsia, reduced brightness perception, decreased visual acuity, and visual field abnormalities. Therefore, knowledge of the natural history of this disease is crucial for surgeons caring for these patients.
Early in the course of thyroid-related orbitopathy, orbital manifestations often respond to high-dose steroid therapy. When this fails, external-beam irradiation may be considered. 6 However, when orbital involvement has been present for a long period, there is often fibrosis of the involved tissues, and patients need surgical decompression followed by rehabilitative measures to correct diplopia, eyelid position, and appearance. The first surgical decompression of the orbit was a technique to gain lateral access to the orbit. Described initially by Kronlein in 1899 to remove orbital tumors, it was later used in 1911 by Dollinger to decompress the orbit in exophthalmos. Since 1957, the transantral decompression report of Walsh and Ogura 7 has represented the gold standard in such surgery. In 1990 and 1991, respectively, Kennedy et al. 8 and Michel et al. 9 reported the first series of intranasal endoscopic decompressions. They reported a comparable improvement in Hertel measurements with less morbidity than reported in previous large series. Similar results for entirely endoscopic decompressions were then reported by Metson et al. 10 and Lund et al. 11 Since then, several authors have begun to focus on the need for a more "balanced" decompression. [12] [13] [14] [15] However, although a number of authors have focused on the effect of endoscopic decompression on thyroid-related orbitopathy, few of these reports have had significant numbers of patients with orbital apex compressive myopathy with or without CON.
The technique of combined endoscopic and transconjunctival decompression was first reported in 1997. 16, 17 This procedure offers the advantages of both the intranasal endoscopic decompression of the medial orbital wall and optic nerve and the more complete and safe access to the inferior wall provided by the transconjunctival approach. To validate combined transconjunctival and endoscopic decompression for the treatment of thyroid-related orbital apex compressive myopathy with and without optic neuropathy, we reviewed our experience in terms of 1) effectiveness of orbital decompression and, when indicated, optic nerve decompression, as measured by visual improvement; 2) complications and morbidity; and 3) duration of hospitalization. Although few reports have examined orbital apex compressive myopathy, we compare our results with those available in the literature.
PATIENTS AND METHODS
Retrospective review of surgically treated patients with thyroid-related orbitopathy presenting to the New York Eye and Ear Infirmary (New York, NY) between 1992 and 2001 was performed. Although the present report is retrospective, patients' management was prospectively performed based on early results between l992 and l994 treated by the senior authors (s.s., r.d.). All patients' records were independently reviewed by other authors (P.S., D.D.) for previous conservative treatment with corticosteroids or radiotherapy, or both. The clinical course of these patients was reviewed to evaluate the effects of this approach on visual acuity, Hertel exophthalmometry, and diplopia. The occurrence of postoperative complications and secondary ophthalmological procedures were also reviewed. Statistical analysis was independently performed by the Department of Otolaryngology epidemiologist (G-P.Y.).
Selection Criteria for Surgical Management
To be considered for surgical treatment, the patient must have a combination of 1) rapidly decreasing vision with CON confirmed by computed tomograph (CT) or magnetic resonance imaging (MRI) scan, 2) progressive ophthalmoplegia refractive to high-dose steroids, 3) exposure keratopathy in which an eyelid operation was not deemed to be adequate, 4) visual field abnormalities, 5) acquired dyschromatopsia, or 6) afferent pupillary defect (APD). A diagnosis of CON was made by consideration of the following findings: 1) decrease in visual acuity not explained by the refractive state or anterior segment findings, 2) defective visual fields with no prior record of glaucoma or other medical history, 3) presence of optic disc congestion or signs of retrobulbar compression, 4) radiographic confirmation of compressive neuropathy, 5) acquired dyschromatopsia, and 6) APD. Diagnostic evaluations, including MRI or CT scans of the sinuses and orbits were reviewed by the senior authors (S.S., R.D.) to rule out sinusitis and to document compression of the optic nerve.
Surgical Technique
With the patient under general anesthesia, the nose was vasoconstricted using oxymetazoline-saturated cottonoid pledgets and injection of 1% lidocaine with 1:100,000 epinephrine into the lateral nasal wall. Total intranasal endoscopic ethmoidectomy and middle meatus antrostomy were performed as previously described. 18 In patients with CON (and therefore undergoing optic nerve decompression), sphenoidotomy with complete removal of the anterior sphenoid face was performed before the retrograde exenteration of superior ethmoid cells. To avoid occlusion of the antrostomy by prolapsing orbital soft tissue from the floor decompression, a large antrostomy was routinely included in the surgical management. The entire medial orbital wall was removed anterior to the sphenoid, inferior to the frontal, posterior to the lacrimal, and superior to the maxillary bones. Wall removal was begun in the mid orbital plane with microcurette or freer elevator, and was continued posteriorly and then anteriorly. Three posterior-to-anterior radial incisions were made in the periorbita. The periorbita was gently manipulated to encourage fat extrusion into the ethmoid sinus. In patients undergoing optic nerve decompression, the medial wall of the sphenoid sinus anterior to the internal carotid artery was removed with selfirrigating diamond burr to permit bony decompression of the medial optic foramen before incising the periorbita. The optic nerve sheath was not incised (except in one case). One neurosurgical cottonoid pledget was placed in the ethmoid cavity for packing and removed the following morning.
Following the endoscopic procedures, the lower eyelid and lateral canthus were infiltrated with 1% lidocaine with 1:100,000 epinephrine. Lateral canthotomy followed by cantholysis was performed. The lower lid was everted, and the conjunctiva and retractor muscle were incised 6 mm below the limbus centrally. Dissection was continued between the orbicularis muscle and orbital septum to the orbital rim. Care was taken to keep the orbital septum intact to avoid premature fat herniation. Protecting the orbital contents, an incision was made 2 mm below the orbital rim allowing access to the floor of the orbit. Following this, relaxing incisions were made in the periosteum. An osteotome was used to fracture the inferior wall medial to the infraorbital nerve. Using a Kerrison rongeur, bony removal was performed in small bites without twisting. Bony dissection then proceeded medially until the decompression from the previous endoscopic procedure was encountered. A lateral portion of the inferior orbital wall may have been removed if the infraorbital canal ran medially. The posterior limit of the dissection was the posterior wall of the maxillary sinus. A strut of bone at the junction of the medial wall and inferior wall was left intact to supply support for the globe. Lower-eyelid retractors and conjunctiva were closed with 6-0 plain or chromic sutures. The lateral edge of the canthal tendon was attached to the periorbita using 4-0 Polydek suture. The lateral skin incision was closed with interrupted 6-0 sutures. The traction sutures and corneal shield were removed and the eye was dressed with an antibiotic ointment and a bandage.
RESULTS
Since 1992, 162 patients had undergone surgical treatment for thyroid-related orbitopathy. Excluded from the present report were patients with incomplete or unavailable medical records, patients treated by other surgeons, and patients without orbital apex compressive myopathy. Forty-one patients met these criteria for inclusion in the present report, with 72 eyes in all undergoing endoscopic and transconjunctival decompression for orbital apex compression. Twenty-eight of the 72 eyes also had CON as previously defined in the present report, and their treatment included sphenoidotomy with removal of medial wall of optic canal for nerve decompression. All 41 patients were noted to have orbital apex compression on CT and/or MRI scanning as reviewed by the senior authors (S.S., R.D.). All patients had received high-dose steroids before surgical decompression. The average hospital stay was 1 day.
Within the present group of 41 patients, there were 25 women and 16 men. The patients ranged in age from 20 to 80 years; mean age was 50 Ϯ 19.4 years (mean Ϯ standard deviation [SD]). Follow-up ranged from 3 to 55 months postoperatively. Of these 72 eyes, combined transconjunctival and intranasal decompression with optic nerve decompression was performed on 16 patients (28 eyes) for CON (39%) as previously defined in our methodology. The other 25 patients (44 eyes) had orbital apex compressive myopathy without vision loss (61%), and with the exception of one patient with severe muscle crowding within the orbital apex, none of these patients underwent optic nerve decompression. Table I shows the mean percentage of change in visual acuity preoperatively and during the postoperative course in patients with and without CON. Among the patients with CON, 14 patients had acute vision loss (25 eyes) and 2 patients had decreased color plates (3 eyes) as their primary indication for decompression of the orbit and optic nerve. No patients had visual field defects or afferent pupillary defects as their primary indication. However, of those with vision loss as their primary indication, three eyes (two patients) were also noted to have APD and one patient had visual field defects. In patients who had more than one indication for decompression, vision loss, when present, was considered the primary indication for surgery.
Vision improvement occurred in 25 of the 28 eyes (89%) undergoing decompression for CON (Table II) . This improvement was noted to continue to progress signifi- cantly at each subsequent follow-up (P Ͻ.0005). However, continued vision loss was observed in one patient (one eye), and no improvement in vision was seen in one patient (two eyes). The loss of vision was one line (20/300 changed to 20/400) in this former patient. Of note, 42.9% (12 eyes) were found to have greater than six lines of vision improvement. In the 44 eyes with orbital apex myopathy without CON (Table I) , the indications for surgery included 25 eyes with severe exposure keratopathy, 17 eyes with restrictive myopathy, and 2 eyes with increased ocular pressure. When keratopathy and myopathy were both present, keratopathy was considered the primary indication for study purposes. No patients were included in the present report with cosmesis as their primary surgical indication. Within the patients who did not have preoperative vision loss, 38 eyes (86.4%) had either no change or improvement in their vision postoperatively (Table II) . As was observed in the patients with CON, significant vision improvement continued with each subsequent follow-up visit (P Ͻ.003). Fifteen eyes were noted to have improved vision postoperatively (34.1%), whereas the other 23 eyes (54.5%) had no change in vision following decompression. One patient had greater than six lines of improvement. Of the remaining six eyes (four patients) with postoperative vision loss, the average loss was only 1.2 lines (range, 1-2 lines).
The average preoperative Hertel measurement for all patients was 25.40 Ϯ 2.84 mm (mean Ϯ SD; Table III ). There was no statistical difference in average Hertel measurements or in amount of decompression between patients who had preoperative vision loss and those who did not. Changes in proptosis measured by Hertel exophthalmometer at the 1-month postoperative visit showed an average decrease of 3.2 Ϯ 3 mm (mean Ϯ SD). The overall reduction in protrusion of the orbit was 3.65 Ϯ 2.9 mm (mean Ϯ SD). There was no difference in decompression in patients with CON as their indication for surgery when compared with patients without CON. No correlation was found between recession in the Hertel measurements and improvement in visual acuity.
Twenty patients (48.8%) complained of diplopia preoperatively. However, four of these patients had resolution of their diplopia postoperatively. Another five patients complained of new diplopia postoperatively, with three of them having resolution over their postoperative course without further surgical intervention. Fifteen of the 18 patients with prolonged diplopia required strabismus surgery after decompression.
Complications encountered included one patient with transient intraoperative cerebrospinal fluid extravasation secondary to removing bone surrounding the medial aspect of the optic nerve. No further treatment of this patient was required. There were no cases of dacryostenosis or ocular motility disturbance caused by extraocular eye muscle injury. No patients developed postoperative orbital infections or sinusitis. No patient required blood transfusion, and average blood loss was less than 50 mL per eye for all procedures. There were two patients who had preoperative chronic sinusitis, and both had endoscopic sinus surgery to address the affected sinuses at the time of decompressive surgery. There was one case of intraoperative epistaxis, which resolved by placement of a Merocel sponge, which was removed within 24 hours.
DISCUSSION
In the earliest series of patients undergoing decompressive surgery, the primary indication had been visual deficit. With the advent of safer approaches, the perception that in experienced hands surgical decompression is a safe operation has led to increasingly earlier intervention in thyroid-related orbitopathy, with cosmesis and proptosis becoming a primary indication in many cases. Until recently, the mainstay of surgical decompression for thyroid ophthalmopathy has been the removal of the medial wall and the bony orbital floor through the transantral approach described by Walsh and Ogura 7 in 1957. Since 1991, our attention has focused increasingly on endoscopically assisted orbital decompression, as described first by Kennedy et al. 8 and shortly thereafter by Michel et al., 9 Metson et al., 10 and Lund et al. 11 However, although a number of reports have focused on the effect of endoscopic decompression on thyroid-related orbitopathy, few of these reports have had significant numbers of patients with orbital apex compression or CON.
In one series of 428 patients who had decompression surgery for severe ophthalmopathy, Garrity et al. 19 had found that of the patients with less than 20/20 vision, approximately 65% of patients had improved visual acuity postoperatively using the transantral approach. However, the average hospital stay ranged from 2 1 ⁄2 to 4 days, with complications including cerebrospinal fluid leaks in 3.5% of their patients and intraoperative blood loss requiring transfusions in 11 patients. More recently, Michel et al. 20 found that visual acuity in 61 patients with CON undergoing intranasal endoscopic decompression increased from a preoperative average of 0.50 Ϯ 0.27 to 0.75 Ϯ 0.21 (mean Ϯ SD) postoperatively, with only four patients requiring repeat intervention for vision loss. The average hospital stay for the entire group of patients was 6 days.
In the present study, we found that visual improvement occurred in 89% of the eyes decompressed for CON (P Ͻ.0005), with a remarkable 43% having greater than six lines of vision improvement. Further, visual acuity improved in 34% of the 44 eyes with orbital apex compression without CON. This visual improvement reflects resolution of refractive changes in the anterior chamber of the eye after orbital decompression. These results compare favorably with the previously aforementioned studies. Also important are the short hospital stay and minimal complications in our series.
In our study, we found no difference in the mean preoperative Hertel measurement in patients presenting with orbital apex compression with CON and patients who did not have vision loss. The mean reduction in proptosis after decompression in our patients was similar to that in some studies, 15, 20, 21 but significantly less than that of other authors who have reported reductions ranging from 4.5 to 5.7 mm. 1, 8, 10, 11, 13, 14, 16, 19 The importance of this is that our data corroborate the finding of Michel et al. 20 that there was no correlation between recession in the Hertel measurement and improvement in visual acuity. This is especially important in light of the fact that the mean preoperative Hertel measurement in our series was significantly larger than many of the previously published reports. In our opinion, these data further crystallize the crucial role that is played by decompression of the orbital apex and the role of the endoscope in this decompression.
The endoscopic approach provides optimal decompression of the optic nerve in cases of optic neuropathy. Visualization of the medial orbital wall is superior to either the transantral or the external ethmoid approach. This approach permits a maximal posterior orbital decompression at the orbital apex, an area not fully accessible through the transantral routes. Optic nerve decompression for CON in thyroid-related orbitopathy is not frequently performed; therefore, we do not have a similar series of patients to compare with our results. We elected to remove the medial bony wall of the optic canal without altering the optic nerve or its sheath in patients with CON in the hope that neural function would be more likely to improve. Aside from our results, we have no other way to support this procedure as a recommended part of the treatment of CON. Other advantages of the endonasal approach include safer and more precise bone removal and lessened postoperative sinus and orbital morbidity, compared with external ethmoidectomy or transantral surgery. As with previous other reports using the endoscopic approach, we found no dysesthesia of the infraorbital nerve, no dental problems, and no cosmetic problems associated with incisions. However, because the endoscopic approach does not allow for adequate exposure of the lateral orbital floor, the infraorbital nerve is at increased risk and adequate removal of the orbital floor is not possible. We used the transconjunctival approach to balance the shortcomings of the endoscopic approach.
The transconjunctival approach offers good floor exposure but has shortcomings in the medial wall, particularly in the crucial area of the apex. Therefore, the infraorbital nerve is protected in this combined technique, and the orbital floor is sufficiently exposed. Furthermore, intranasal middle meatus antrostomy is performed during the endoscopic approach, which in our series successfully prevented postoperative sinusitis. This is a shortcoming of the transconjunctival approach because of prolapsed orbital contents obstructing the maxillary sinus ostium. The technique of combined decompression offers a blend of the advantages of both.
CONCLUSION
The present study supports the treatment of thyroidrelated orbital apex compression with and without CON by a combined transconjunctival and intranasal endoscopic approach. The importance of the orbital apex in vision loss and the role of the endoscope in decompression of the apex for return of vision are verified. With short hospital stays, excellent visual recovery, and almost no complications, our data support the trend toward the use of the endoscopic approach in patients with severe ophthalmopathy. The beneficial effects observed in patients with vision loss continued to improve with follow-up and were highly significant.
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